This communication explores the capacity of different proteases to stimulate DNA synthesis in resting chick embryo fibroblasts and to cause the removal of cell membrane proteins previously postulated as important in the regulation of growth and division of cells. Thrombin, a highly specific protease and a known mitogen, was incubated with chick embryo fibroblasts, and analysis was made of the cell membrane proteins. Of particular interest were a protein of molecular weight 250,000, which is known to be readily removed by the action of trypsin and is not present in most transformed cells, and two other proteins, which are reduced in amount in transformed as compared to confluent resting cell cultures. None of these three proteins was removed by thrombin when the latter was added to confluent cells in concentrations sufficient to cause significant increase in DNA synthesis twelve hours after stimulation by the protease. The presence or absence of these proteins in the membranes of confluent resting or transformed cells of chick embryo fibroblasts does not seem to be directly related to the process of regulation of DNA synthesis and cellular division.
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Changes in cell surfaces are believed to be involved in the regulation of cell growth brought about by viral transformation or by the action of proteases. A mild treatment of confluent resting cells in culture with proteases, in particular the serine proteases, can promote the initiation of cell proliferation and result in release from density inhibition of growth (1, 2) . Recent publications have strongly implicated the increased proteolytic activity in cultures of transformed cells with alteration of cell surfaces and a resulting perturbed regulation of cell growth (3, 4) . In addition, Hynes (5-7) and Robbins et al. (8) have characterized an extremely trypsinsensitive component of the external membrane of the cell with an apparent molecular weight of 250,000 (250 k). This protein component is heavily labeled by lactoperoxidase-catalyzed iodination in normal cells and is intriguingly either only weakly labeled or not present in transformed cells (5) (6) (7) (8) (9) (10) (11) (12) (13) . The putative relationship between cell surface alteration by trypsin and the production of proteolytic enzymes by transformed cells had encouraged the speculation that the removal of the 250-k surface protein may play a direct role in the control of growth of cells in culture.
In this communication we report a study in which confluent resting chick embryo fibroblasts were treated with several proteases. Modification of the composition of the cell surface proteins, in particular the 250-k protein, and cell overgrowth have been measured, and their relationship has been investigated.
Recent studies by Chen and Buchanan (14) have shown that thrombin is a potent mitogen and that potentially pro-413 thrombin is one of the major sources of mitogenic activity in plasma. They have found that exposure of the arrested cells to purified bovine thrombin alone can bring about a considerable growth stimulation, as measured by thymidine incorporation into DNA or by actual cell count.
Thrombin exhibits a high specificity in the cleavage of peptide bonds. Those so far demonstrated are four arginyl-glycine bonds of fibrinogen (15) . A very limited number of arginyl and lysyl bonds of actin are also split by thrombin (16 (14) .
Jodination was carried out in confluent cultures with slight modifications of described methods (5, 8, 18, 19) . Washed cells in 35-mm Falcon plastic culture plates were iodinated in 1 ml of Dulbecco's phosphate-buffered saline containing 0.9 mM CaCl2 and 0.9 mM MgCl2 with addition of 20 ug of lactoperoxidase (Worthington) further purified by chromatography on a Sephadex G-100 column, 25- t In some incubations one enzyme was added to cells for a brief period, e.g., 10 min, then the medium was removed, the culture plate was washed, and medium containing the second enzyme for the rest of the incubation for 12 hr was added. This is indicated by the notation 10 min: 12 hr.
i The control vessel contained only the basic medium.
Slab gel electrophoresis was carried out with an apparatus similar to that described by Maizel (20 Fig. 1 ), a-chymotrypsin (column G), subtilisin (column H), ficin (column I), Pronase (column M), and bromelin (column 0) (see also Table 1 ). In some of the experiments proteases were added just at sufficient concentration to remove the 250-k protein. At these concentrations, only limited mitogenic activities were observed for most of the category I proteases with the possible exception of trypsin. Undoubtedly trypsin and possibly some of the other proteases listed in Expts. 1 and 2 of Table 1 could have elicited greater response had they been administered at higher concentrations and for a longer period of time. However, for scoring of mitogenic activity in our assay system, proteolysis should not occur to the point of removal of the cells from the dish.
In three instances in which we have added proteolytic enzymes (trypsin, subtilisin, and ficin) in increasing but still limiting amounts, we could observe no correlation between the removal of the 250-k protein and DNA synthesis. The results of the experiment with chymotrypsin were particularly significant, since incubation of this protease with chick fibroblasts caused the complete removal of the 250-k protein at both concentrations tested, yet had no significant effect on DNA synthesis. The inactivity of chymotrypsin and the other proteases as mitogens could not be ascribed to the presence of inhibitors or to irreversible damage to the cells during the test period, since addition of thrombin at a level of 1 /ug/ml for the remaining part of the 12-hr period, thereafter, resulted in a rate of DNA synthesis equal to that obtained with thrombin alone.
Proteases of Category II: Two proteases, thrombin (columns J and K, Fig. 1 ) and a-protease (column N), did not catalyze (Table 1, Exp. 2). Hence, from these data alone it was not known whether there was an interaction between a-protease and the cells.
However, at the high concentration of a-protease (25 ug/mll) used in this experiment the cells showed the typical morphological changes observed during protease treatment (23) .
Effect of Thrombin on DNA Synthesis and Cleavage of the Protease-Sensitive Protein of Chick Fibroblasts. In confirmation of a previous communication (14) we found that thrombin, when added to confluent resting cells, stimulates DNA synthesis and cell division. The level of DNA synthesis after stimulation of chick embryo fibroblasts either with 50 ,ug/ml of highly purified thrombin for 30 min or with 1 ug/ml for the whole 12 hr at 370 was considerable and equivalent to that obtained with 2% calf serum (Table 1, Exp. 1).
The retention of the 250-k protein by the fibroblasts after stimulation of the cells with thrombin (50jug/ml for 30 min) is shown in the gel strip in column J of Fig. 1 and compared to the control strip from untreated cells at the beginning and end of the 12-hr period required for the measurement of DNA synthesis (columns D and L, respectively). In the experiment reported in Table 1 , Exp. 1, a semiquantitative estimation of the intensity of the bands in the region of the 250-k protein was made by measuring the density of the film from the autoradiograph in that area of the gel strip. Within the error of the method, the radioactivity of the 250-k protein band was the same for both thrombin-treated and the untreated control samples. It is clear that even at concentrations of thrombin as high as 50 ,g/ml, no reduction of the 250-k band occurs under conditions of mitogenic response to the protease. Measurement was also made of the content of the 250-k protein at various intervals during a 12-hr incubation of fibroblasts with 2,4g/ml of purified thrombin (column K). At all time points tested the content of 1251-labeled 250-k protein was the same as that of the untreated control.
Although purified thrombin does not cause the removal of the 250-k protein, a commercial preparation did exhibit a low but definite proteolytic activity on the cell membrane proteins (Exp. 3, Table 1 ). It is likely that this activity is a result of the action of contaminating proteases, since chromatography of the commercial sample on Sephadex G-200 showed the presence of three major protein peaks (14) .
Effect 10 ,ug/ml of thrombin for 12 hr (column C, Fig. 1 ). There is no readily detectable alteration in the protein profiles of these three samples. Specifically, the trypsin-sensitive external membrane protein and the transformation-specific proteins of molecular weights 206,000 and 47,000 (8, 24) (27) (28) (29) (30) have reported the effect of purified thrombin on the proteins of the intact plasma membrane of human platelets.
